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I
FOREWORD

This report documents the work accomplished during USAF Contract No.

F33615-77-C-3085. The work consisted of developing an interactive PIPSI I
computer program, developing an interactive derivative computer program,
and developing and documenting supporting data libraries. The work was

accomplished in three phases. As part of the work accomplished in Phase

I of the contract, the interactive PIPSI program was completed and

delivered to the Air Force. As part of Phase II work, derivative param-

eters were selected and development work was completed on the derivative

program. During Phase III a library of inlet and nozzle/aftbody charac-

teristics was prepared, test cases were completed, documentation was

accomplished, and final programs were delivered to the Air Force. The

prograin was conducted under the direction of the Vehicle Synthesis

Branch, Air Force Flight Dynamics Laboratory, Air Force Systems Command.

Mr. Gordon Tamplin was the Air Force Program Monitor.

The program was initiated on 17 July 1977 and draft copies of the final

reports were submitted for approval on 15 May 1978.

Mr. W. H. Ball was Program Manager for The Boeing Company. The following

individuals contributed significantly to the work accomplished during

this contract: R. A. Atkins, Jr., computer programming; T. E. Hickcox,

inlet, derivative procedure development; E. J. Kowalski, inlet configura-

tions and performance; and J. E. Petit and R. M. Trayler, nozzle/aftbudy

procedure and configurations.

i U"rs ,,i, (,.

-I S -, U -- --

St&HO...



TABLE OF CONTENTS

IIntroduction 1

II Engineering Description of PIPSI Program 5

III Files Required to Run 21

IV User Options Available 45

V Program Execution Sequence 51.

VI Examples of Tabul1ar Data Files 53

VII Example of a Terminal Session 63

VIII Nomenclature for Input and Output 67

IX Sample Output 73

X Flow Charts 83

v

4 JI



LIST OF ILLUSTRATIONS

PAGE

1. PIPSI Data Flow 3

2. Preliminary Analysis Process Using PIPSI 6

3. Inlet Procedure 7

4. Format for the Inlet Performance Characteristic, 9

5. PIPSI Performance Calculation for an 10
External-Compression Inlet

6. PIPSI Performance Calculation for a 12

Mixed-Compressi on Inlet

7. Data Format fo, Nozzle/Aftbody Drag 16

8. Format for CFG Maps 18

9. Examples of Four Table Types 27

10. Engine Data File Structure 29

11. Engine Deck Structure 30

12. Typical Set of Control Cards 51

13. PIPSI Main Program 84

14. Suhroutine COMP 86

15. Subroutine BYPM5 90

16. Subroutine BYSPL 91

17. Subroutine INDRAG 93

18. Subroutine RDATA 95

L 19. Subroutine TSQNCE 97

vi



LIST OF NOMENCLATURE AND SYMBOLS

A* Sonic area, in2

A Area, in2

SAC Inlet capture area, in 2

Ao Local stream tube area ahead of the inlet, in2

A0 1  Free-stream tube area of air entering the inlet, in 2

AR Aspect ratio, Wc/Hc for inlets, Wg/Hg for
nozzles, dimensionless

CD Drag coefficient, q~- , dimensionless

C Sonic velocity; ft/sec.

C-D Convergent-divergent
DADD

CDADD Additive drag coefficient, CDADXDU q , dimensionless

CDAlO Afterbody drag coefficient, G dimensionless
CDA10 qA10

COBase Base drag coefficient (Pb,- PAba." dimensionlessCO~aseqAlO

CDA1OA9,
Drag coefficient, based on projected

COPAP area, dimensionless %(Alo-Ag) b

DRAG

COS Scrubbing drag coefficient, pRX2" dimensionless

CfG Thrust coefficient, F9 dimensionlessCfG *. (V'CP)
9

CV Nozzle velocity coefficient, dimensionless

Conv. Convergent

vii



LIST OF NOMENCLATURE AND SYMBOLS (Continued)

D Drag, lb.; Hydraulic Diameter, .4± in., diameter,
in. P

F Thrust, lb.

FN Net thrust, lb.

FNA Installed net thrust, lb.

Fgi Ideal gross thrust (fully expanded), lb.

f/a Fuel/air ratio, dimensionless

g Gravitational constant, ft/sec2

h Enthalpy per unit mass, BTU/lb.; height, in.

hfan Enthalpy of fan discharge flow, BTU/lb

hp Enthalpy of primary exhaust flow after heat addition,pri BTU/Ib

ht Throat height, in 2

IMST Integral mean slope parameter, truncated
1.0

- - ..i.)
IMST (iArId(A/A 10)

L Length, in. AnIA 1o

M Mach number, dimensionless

P Static pressure, lb/in2 , perimeter, in.

Pr Relative pressure,; the ratio of the pressures Pa
and Pb corresponding to the temperatures Ta ind
Tb, respectively, along a given isentrope, dimei-
sionless

P.S. Power setting

PT Total pressure, lb/in2

Q Effective heating value of fuel, BTU/lb.

viii



LIST OF NOMENCLATURE AND SYMBOLS (Continued)

q Dynamic pressure, lb/in2

R Gas constant

R, r Radius, in.

RF Total pressure recovery

SFC Specific fuel consumption

SFCA Installed specific fuel consumptlon

T Temperature, OR

V Velocity, ft/sec

W Mass flow, lb/sec

WBX Bleed air removed from engine, lb/sec.

wrlIWC, Corrected airflow, lb/sec.

Wf Weight flow rate of fuel, lb/sec.

W") Weight flow rate of air, primary plus secondary,
lb/sec.

W8  Primary nozzle airflow rate, lb/sec.

x Length, in.

Angle of attack; convergence angle of nozzle, degrees

y Ratio of specific heats, dimensionless

6 T2  Pressure correction factor, PT2 /PIrD.

Diffuser loss coefficient, A dimensionless
q

Temperature correction factor, TT/T"W

ix



LIST OF NOMENCLATURE AND SYMBOLS (Concluded)

ON 2-D Nozzle wedge half-angle

Op Round Plug nozzle half-angle

TiB Burner efficiency, dimensionless

Kinematic viscosity, ft 2/sec.

P Density, lb/ft 3

SUBSCRIPTS

amb Ambient

AB Afterbody
B Burner

Bx Bleed airflow extracted from the engine

b, base Base flow region

BP Bypass

BLC Boundary layer bleed

btail Boattail

x



SECTION I

INTRODUCTION

As part of the work accomplished under Air Force Contract

F33615-77-C-3085, an interactive comFmter program has been developed to

calculate installed propulsion system oerformance. The computer program

has been given the designation "Performance of Installed Propulsion

Systems - Interactive" (PIPSI). The intended use of the program Is to

provide the AFFDL/FXB with the capqbility to make quick analyses of

installed propulsion system performance, accounting fot the effects of

inlet total pressure recovery losses and drag, nozzle internal losses,

and nozzle/aftbody drag. To reduce the time required to generate in-

stalled performance, the program can use a library of computer stored

tables representing the performance characteristics of a wide variety of

inlets and nozzle/aftbodies or a set of tables can be prepared for a

specific configuration. Uninstalled engine data is supplied as program
input in tabular input tables (Mark 12 format).

The purpose of this Manual is to provide a user oriented description of

the program input requirements, program output, deck setup, and operating

instructions. It also provides examples of tabular input tables that can
be used as a test case to exercise the major calculation paths of the

PIPSI program. An example of the terminal output from a typical calcula-
tion session is also included.

The PIPSI computer program has been developed with the following charac-

teristics and limitations:

1. Assumes the use of the Network Operating System/- Batch Environ-

ment (NOS/BE).
2. Runs on either the CDC6600 or the Cyber-74 system

3. Runs interactively using INTERCOM.

4. Is coded in FORTRAN IV compatible with the FTN compiler.

S. Compiles, loads, and runs in less than 60,000 octal words.

i ...1



The PIPSI program utilizes external data files as well as user supplied

terminal input for generating installed engine performance data.

Figure 1 shows the data flow for the PIPSI program.

All tabular data are input to the program via previously built disk
files. The user exercises various program options using an interactive

mode of data input.

The output of the program is via the user terminal and an outpJt disk

file. Once the user has ascertained from the terminal outpu hat a data

case has been executed, the detailed output may be disposed t. an auxil-

iary printer by utilizing control statements.

j2
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SECTION II

ENGINEERING DESCRIPTION OF PIPSI PROGRAM

The use of the PIPSI Program is illustrated in Figure 2. The program is
composed of four main parts:

1) Inlet Files
2) Nozzle/Afterbody Drag and Gross Thrust

Coefficient Files

3) Uninstalled Engine Data Files

4) Computer Operation Subroutines

2.1 INLET SUBPROGRAM

The operation of the inlet subprogram is shown schematically in Figure

3. The connecting link between tht engine data and the inlet subprogram
is engine-plus-secondary corrected airflow. The sizing routine permits
the inlet to be sized for operation at a desired inlet mass flow ratio
and recovery using the design engine airflow demand. A specified capture
area size can also be input, if desired, instead of requiring the program
to calculate the size.

2.1.1 Inlet Performance

Inlet performance maps are input data to the irilet subprogram. This
subprogram sizes the inlet capture area (if it is required) and converts
the inlet performance maps into total pressure recovery and inlet drags
that are matched to the corrected airflow demand of the engine.

The inlet input requires fou..teen tables of input data which describe the

performance characteristics of the inlet. Engineering data obtained from
wind tunnel tests and theoretical calculations are used to obtain the

S
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inlot performance characteristics. The format for the inlet data is

shown in Figure 4. Data taken from these engineering plots are punched
on cards as part of the inlet library for input into PIPSI.

The inlet subroutine recognizes three modes of inlet operation: low-

speed, external compression, and mixed compression. The low-speed mode
is used only at very low Mach numbers, e.g., takeoff conditions, when

only high engine power settings are likely to be of interest and inlet
drag is negligible. The external-compression mode is used over the
remaining Mach number regime for external-compression inlets. It is also

* used for the remaining subsonic regime and supersonic Mach numbers up to
the starting Mach number for mixed-compression inlets. The mixed-com-
pression mode is used at or above the starting Mach number for mixed-com-

pression inlets.

a) External-Compression Inlets. The PIPSI calculation of recovery and
drag for an external-compression inlet is illustrated in Figure 5.
The required performance maps are input as tables, as indicated.

Table 1 is used to represent the effect of the airplane flow field on

the local Mach number seen by the inlet. Table 2A gives the basic
recovery/mass-flow-ratio characteristics of the inlet. The minimum
Mach number for which data is input in Table 2A is taken by the

program to be M. , below which only the lowspeed mode is used.

In the low-speed mode, recovery is read directly out of Table 2B as a
function of local Mach number only, and inlet drag is neglected.

If the local Mach number exceeds M , the recovery and mass
flow ratio are determined using TabO n2A, Table 7 (which gives the

scheduled bypass flow, if any, as a function of engine mass flow
ratio), and the engine corrected airflow demand. PIPSI iterates to
solve simultaneously for the matchpoint recovery and inlet mass flow

ratio, as well as the engine mass flow ratio and scheduled bypass
flow. If the indicated buzz (Table 2D) or distortion (Table 2E)
limits are exceeded, an appropriate warning message will appear, but

8
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no fatal error will result. The bleed mass flow associated wtih the
calculated inlet mass flow ratio is determined from Table 6A.

After the required mass flow ratios are determined, spillage, bleed,

and bypass drags are found from Tables 3, 4, and 5, respectively.

Spillage drag Is the incremental change in additive drag and pressure
drag on the airplane due to inlet operations at mass flow ratios less

than a reference mass flow ratio. The bleed and bypass drags include

door drags as wall as momentum loss of the nirflow.

b) Mixed-Compression Inlets. The performance calculation for a mixed-

compression inlet is illustrated in Figure 6. Below the starting

Mach number MS, the low-speed mode and external compression mode

are used in the same way as in the case of an external-compression
inlet. The mixed-compression mode, used at or above MS, Is based

on the assumption that a closed-loop bypass system is available to
remove all excess air. Thus, except for the case of excessive engine

airflow demand, the inlet mass flow ratin, bleed flow, and recovery
may all be scheduled as a function of local Mach number only; the

bypass system compensates for changes in engine airflow demand.

If the corrected airflow delivered by the Inlet is inadequate to meet

the engine demand at the scheduled recovery, the program will permit

the inlet to operate at an excessive supercritical margin. The

recovery will be lowered sufficiently to match the engine corrected

airflow demand, and an appropriate message will warn the user of an
undersized inlet.

Inlet spillage, bleed, and bypass drag are found using Tables 3, 4,

and 5, as in the external..compression mode. The data in these tables

for Mach numbers equal to or greater than MS apply only for started

inlet operation.

21
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2.1.2 Inlet Sizing

The inlet sizing procedure in the computer prof-am determines the inlet

capture area required to match the largest engine airflow demand at each

Mach number. From these calculated inlet sizes, the largest required

size is selected as the inlet capture area. For sizing calculations, an

input curve (Table 2C) of recommended (matched) Inlet airflow variations

(Ao/AC) vs. Mo and an input curve (Table 2B) of recommended

(matched) inlet total pressure recovery vs. Mo are used to determine

the required capture area variation with Mach number. These parameters

are used in the following equation to calculate capture area, AC:

e.+ ,/ , .43 ( "ro

2.1.3 Inlet Reference Condition

For purposes of aero-propulsion thrust/drag bookkeeping, a reference mass

flow ratio is employed. Tlis referenc, -%ss flow ratio is alwrys shown

in inlet input Table 3S. It represents the v1let mass flow ratio,

Ao /Ac. at which the spillage drag is defined as zero. This refer-

enle provides the zero drag reference base for the input spillage drag

variations vs. A0 /AC at each Mach number input as Table 3. The

reference mass fl&w ratio is selected to be a mass flow ratio at or near

the point of maximum inlet mass flow ratio at each Mo. At this point,

no further throttle-dependent inlet airflow variations would be ex-

pected. Therefore, at this mass flow ratio it is logical to include the

drag of the spilled airflow in the airplane drag polar.

For users who prefer to use .a mass flow ratio of 1.0, an option is in-

cluded in the computer program to add the incremental reference spillage

drag to the spillage drag input data of Table 3, thereby creating a

reference mass flow ratio equal to 1.0.

13



2.1.4 Inlet Recovery Correction

The engine input provides the required data for inlet drag, inlet recov-

ery, nozzle afterbody drag and nozzle coefficient calculations. The

engine section of the PIPSI program calculates only the changes in inter-

nal performance due to changes in inlet recovery. Changes in inlet
recovery produce a directly proportional change in nozzle pressure ratio,

airflow, and fuel flow because the nozzle throat area does not change.
Furthermore; it is assumed that engine data is calculated with MIL STD

5008 B recovery and all inlet recovery changes are made relative to that
value. Provisions are also built into the program to allow the user to

input a reference recovery schedule vs. Mach number that is different

from MIL STD 50088 if he desires to do so. Thermodynamic data from

Keenan and Keye tables has been 'curve-fitted" and subroutines are pro-

vided to calculate the thermodynamic properties of the exhaust gases.

The calculation proced'tre is as follows: for each altitude, Mach number,

and power settling, the net thrust (FN), fuel flow (WF), corrected

airflow (W %4-V/ 62)1 nozzle throat area (A8 ), nozzle exit area

(Ag), and nozzle thrust coefficient (CF G) are given.

Standard atmosphere and MIL Standard 5008 8 inlet recovery are used to

calculate the airflow at the enginle face and gross thrust is calculated

for the given engine data before any changes in inlet recovery.

W V.FG OLD " FN + g

The desired inlet recovery is obtained from the inlet subprogram and the

engine gross thrust is first calculated with MIL Standard recovery and
then with the calculated recovery. The new-value of gross thrust is then
found by ratio F0

FGN~ u ~FGL
FG NEW" FG OLO FG

F01

14
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The ratio procedure is used to minimize ary inaccuracies that may be
caused by assuming burner efficiency ( iB) is constant for all engine
ooeratlng conditions.

The net thrust and fuel flow after correction for inlet recovery are:

NE - WV. RFFNR ------ -.--.
"F NW- g RFMIL

WFR " WF RFM

and the installed propulsion system thrust and SFC:

FNA F FNR - DINLET - DNOZ + DNOZ REF.

WFR
SFCA - -F

FNA

2.2 NOZZLE SUBPROGRAM

The purpose of the nozzle/afterbody drag and CF input data and

calculation subprograms is to calculate nozzle ýnternal losses
(CFG) and nozzle/afterbody drag.

2:2.1 Nozzle/Afterbody Drag

The nozzle/afterbody drag Is computed using maps which represent the
afterbody drag characteristics (Figure 7) as a function of A1 0 /A9 and
Mo, external input geometry and engine data. Engine data obtained
Internally from the engine subprogram include nozzle throat area, nozzle

pressure ratio, freestream conditions, and ideal gross thrust, An essen-
tial geometry input is the nozzle exit area, A9 , which is required for
boattail drag computation. This parameter is obtained in either of two

ways:

. .5
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Figure 7. Data Format for Nozzle/Aftbody Drag
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I. From the engine subprogram when the existing nozzle data are used;

2. From a calculation of fully-expanded Aq as a function of nozzle

total pressure ratio for wedge and plug nozzles.

The program currently has built in for the variation of base pressure,

Pb/P,, as a function of freestream Mach number. This is then used to

calculate "DBase

Fully-expanded nozzle/aftbody drag coefficient is obtained from tables

such as those illustrated in Fiqure 7. The drag coefficient is obtained

as a function of the ratio of nozzle exit to maximum cross-sectional

area, Ag/A 1 o, and free-stream Mach number.

2.2.2 Nozzle Gross Thrust Coefficient

The nozzle gr'oss thrust coefficient input data maps are used to provide a

means for correcting uninstalled engine data for the effects of nozzle

internal performance that is different from the nozzle internal perfor-

mance used in generating the uninstalled engine data.

Two different types of nozzle CF maps are provided, as shown in

Figure 8. Figure 8a shows the d~ta input format for a round nozzle and

Figure 8b shows the data input format for two-dimensional nozzles. For

round nozzles, the nozzle area rAtio, Ag/A 8 is calculated from tabu-

lated input values provided along with nozzle pressure ratio,

PT /Po, as part of the engine data.
8

For use with the two-dimensional nozzle CF input, the engine power

setting and nozzle pressure ratio are obtahned from the engine input data

by procedures programmed into the engine performance subprogram.

The data input table format for the round nozzle (Figure 8a) provides

nozzle gross thrust coefficient as a function of nozzle total pressure

ratio and area ratio. In the case of two-dimensional nozzles, however,

the nozzle gross thrust coefficient (Figure 8b) is input as a function of

17
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(a)

TWO-DIMENSIONAL NOZZLES

CFG,
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Fiur . Format for CFGMI
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I
nozzle total pressure ratio for maximum afterburning and intermediate
(dry) power settings. The two-dimensional nozzle input data format is

based on the assumption that a variable area nozzle will be used which
will be scheduled to provide an optimum variation of area ratio as a

function of nozzle pressure ratio. Fundamentally, the gross thrust
coefficient input data for both the round and two-dimensional nozzles

could both be presented using the same format; in which case the data
format for the round nozzle provides more generality because it allows

for the selection of nozzle area ratio, A9/AS. However, the lack of
available data covering a wide range of two-dimensional nozzle area

ratios plus the ability of the two-dimensional nozzle variable geometry
* to achieve a wider range of nozzle area ratios (and hence, be able to

closely approach an optimum area ratio schedule) led to the selection of

the simpler nozzle performance format for the two-dimensional nozzle

shown in Figure 8b. If the future need arises to use the same format for

both nozzle types the program can easily be modified to accomplish this.

As an alternative, the user can enter the two-dimensional data in the

same format as the round nozzle data and, during the PIPSI interactive

terminal session, enter the input code that the nozzle type is a round
rather than two-dimensional nozzle.

19
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SECTION III

DATA FILES REQUIRED TO RUN PIPSI

There are a maximum of 5 external data files needed as input. These

include:

1) Engine Data File (Sec 3.2)

2) Inlet Map File (Sec 3.3)

3) Afterbody Map File (Sec 3.4)

4) Nozzle Thrust Coefficient (CFG) File (Sec 3.5)

5) Capture Area File (Sec 3.6)

The first three files are always required as input in order to run PIPSI.

The CFG file and capture area file are optional and apply only if the

user asks for them when responding to an interactive prompt. In either

case, if a file is going to be used during a PIPSI execution, it must be

attached (see Section V) prior to program execution. The record struc-

ture of these files is identical tn that of the Derivative Procedure

Program (AFFDL-TR-78-91-Vol. III).

3.1 TABLE FORMAT

The values in the tables are stored on disk in a 1OF7.0 card format. The

meanings of the quantities placed in a card image differ depending on the

type of table. There are four table types:

a) One diimensional - Type 1
b) Two dimensional (symmet~ric) - Type 2

c) Two dimensional (non-symmetric) - Type 3

d) Three-dimensional - Type 4

21
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3.1.1 One Dimensional Table Definition

Card I Table Definition Card Format

Cols.
1-7 Table Name A7

8-14 Number of X Values F7.0

Card 2 X Values
Cols.

1-7 X1 F7.0
8-14 X2 F7.0

e . .

64-70 X10 F7.0

Card 3 Table Values

Cols.
1-7 f(xl) F7.0

8-14 f(x 2 ) F7.0

64-70 f(x 10 ) F7.0

3.1.2 Two-Dimensional Table Definition (Symetric)

Card 1 Table Definition Card Format

Cols.

1-7 Table Title A7
8-14 NWmber of X Values F7.0

15-21 Number of Y Values F7.0
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Card 2 Y Values

Cols.
1-7 Y F7.0
8-14 Y F7.0

64-70 Y F7.0

Card 3 X Values

Cols.
1-7 X F7.0
8-14 X F7.0

64-70 F7.0

Card 4 Table Values for YI'
Cols. and all X Values

1-7 f(xlyl) F7.0
8-14 f(x 2 ,y1 ) F7.0

64-70 f(X1 o,Yl) F7.0

Card 5 Table Values for Y29
Cols. and all X Values
1-7 f(xl,y 2 ) F7.0
8-14 f(x 2 ,Y2 ) F7.0

64-70 fxlo,y 2 ) F7.0
Etc. for additional Y values
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3.1.3 Two-Ditr~ensional Table (Non-Swymwetric)

Card 1 Table LefInItlion Card Format
Cols.
1-7 Table None A7
8-14 Number of Y values F7.0

Card 2 Number of X Values for
Cols. A Particular Y Value
1-7 NX (Y1 ) F7.08-14 NX (Y1 ) F7.0

64-70 NX (Y10 ) F7.0

Card 3 Y Values
Cols.
1-7 Yr F7.0
8-14 Y2  F7.0

64-70 Y10  F7.0

Card 4, X Values for Y1
Cols.

1-7 X1 (Y) F7.0
8-14 X2 (yl) F7.0

64-70 X1O(yl) F7.0
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Card 5 Table Values for (X1-X1 o, Y1)

Cols.

1-7 f(XlY 1 ) F7.0
8-14 f(X 2 ,Y1 ) F7.O

64-70 f(X 10 0Y1 ) F7.0

Card 6 X Values for Y2

(See Card 4)

Card 7 Table Values for (Xi-X 0IY 2 )

(See Card 5)

Etc. for all Y values

3.1.4 Three-Dimensional Table Definition

Card 1 table definition card Format

Cols.

1-7 table name A7
8-14 NX - number of X values F7.0

15-21 NY - number of Y values F7.0
22-28 NZ - number of Z values F7.0

Card 2 Z Values

Cols.
1-7 Z1 F7.0

8-14 Z2 F7.0

64-70 ZP7 F7.0
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Card 3 Y Values

Cols.

1-7 Y F7.0

8-14 7 2 F7.0

64-70 V10  F7.0

Card 4 X Values

Cols.
1-7 X F7.0

8-14 X2 F7.0

'64-70 Xo F7.0
10

Card 5 Table Values for Yj, Z1,

Cols. and all X Values

1-7 f(X 1 ,Y1 ,Z3) F7.0

8-14 f(X?,,Y 1 ,Z1 ) F7.0

64-70 f(X1o'Y 1,Z 1) F7.0

Card 6 Table Values for Y2,Z1

Cols. and all X Values
1-7 f(X1 ,Y2 ,Z1 ) F7.0

64170f~X 1 ,y2,z1)
8-14 f(X 29Y2 ,zl) F7.0

64-70 f (X oY2Z1} F7.0

Etc. until Y Values have been gone through
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Card 5 + NX Table Values for Y1 ,Z.,

Cols. and all X Values

1-7 -r(x,Yl,z2) F7.0

8-14 f(X 2 ,V.,Z 2 ) FT.0

Etc. until all Y and Z Values have been gone through

3.1.5 Table Fxamples

Examples of tables in each of the 4 formats are shown In Figure 9.

Table 2E6

.55 .7 .8 1.2 1.6 2.0

1.055 .935 .89 .846 .89 .935

Table Type 1

Tables 7. 8.

0. .8489 .85 1.0 1.2 1.4 1.7 2.20

0. .04 .08 .12 .16 .20 .24

0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0.

0. .062 .125 .198 .28 .38 .50

0. .05 .10 .156 .217 .29 .375

0. .036 .075 .117 .162 .22 .29

o. M03 .062 .097 .135 .185 .241

0. .025 .052 .081 .116 .16 .216

0. .02 .045 .074 .11 .153 .21

Table Type 2

Figure 9. Examples of Four Table Types (continued)
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Table 2A6

7. 6. 7. 7. 8.

.55 .70 .85 1.20 1.60 2.0
.7 .8 .9 1.0 LO055 1.075 1.1

.9915 .991 .985 .969 .95 .933 .875

.6 .7 .8 .9 .95 .97
.99 .99 .985 .974 .945 .90
.5 .6 .7 .8 .85, .875 .905
.99 .99 .989 .983 .975 .962 .90
.5 .6 .7 .8 .85 .875 .902

.98 .979 .977 .973 .967 .955 .90

.500 .600 .700 .800 .8so .875 .885 .890

.976 .970 .965 .958 .955 .940 .925 .900

.5 .6 .7 .8 .9 .93 .935 .943 .95

.958 .953 .949 .944 .935 .925 .92 .900 .85

Table Type 3

Talile AD

2050 3.,,30 50640 7.4.30
.1.00 ,R75 1050 1,a75 2,00
•mo00 1COO 1.500 2,0O0 3.000
e105 V*000 -. 105 -. 213 -*420

2114 -9000 -s114 -. ?27 -*455
,06• 0,000 -. Me -. 1?7 -,?74
.015 0,000 -. 015 -0.0A -,006
4002 0,000 -. 002 -*004 -,00a
s036 0.000 -,076 -*071 -*143
• 03 OC0(0 -. 03o -,077 -0155
0?3 0o000 -. G?3 -@,47 -9093

.005 -. 000 -0D 15 -. 013 -. 021
.002 0000V -0.11 -. 001 -0003,070 0,000 -*OVID -,001 -,081
.022 0.000 -0022 -. 044 -"08M
.01I -*000 -*01. -0077 -*053
•CO? -6000 -,C:l -0 X^6 -6012
000 OCO0 -*030 -"0(11 -,002

,014 0,•0O -,014 -. 327 -, Q.

.009 0CO0 -,000 -,029 -. 036
S 00 o r€00 "- 00? -4o001 -,O0.t
.000 C00o0 -00,0 -. 001 -,001

Table Type 4

Figure 9. Examples of Four Table Types (Concluded)
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3.2 ENGINE DATA FILE

The engine data file structure is shown in Figure 10.

,,'"ENGINE DECK n.

SENGINE DECK 1.

ENGINE DATA FILE TITLE CARD

Figure 10. Engine Data File Structure

As can be seen from Figure 10, there may be multiple engine disks on an

engine data file., Each deck is processed sequentially during a program

execution using the user terminal input given at the beginning of the

run. There is only one title card located at the beginning of the engine
data file. The structure for an engine deck is shown in Figure 11.

29
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•w riN UcING -PAITEITr A14011O VAPHASLI
M^CH NLOADER ;INE"INO -5100ND V^RA3LiJ

AL7rITUE INCREASING -SLOWIT CHANMING VARMIALl

END OF RECORD CARD

4-. CARD (SARTING IN COLUMN 1

DRY DATA (FORMAT DISCRIBOD BELOW)

USU0. CARD (FORMAT DESCRIBED BELOW)
AA DAIA (FORMAT DESCRIBED BELOW)

Figure 11, Engite Deck Structure

A data card in the engine deck has the following format:

Cols.
1-7 Freestream Mach Number F7.0

8-14 Pressure Altitude (ft) F7.0

15-23 Power Setting F7.0

22-28 Net Thrust (lbs) F7.0

29-35 Fuel Flow (lbs/hr) F7.0

36-42 Corrected Airflow, WaVe-/6 (Ibs/sec) F7.0

43-49 Nozzle Total Pressure Ratio F7.0

50-56 Nozzle Throat Area F7.0

57-63 Nozzle Exit Area F7.0

64-70 Nozzle Thrust Coefficient F7.0

1'
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3.3 INLET NAP FILE

The inlet map file consists of three separate sections of input

(1) file name

(2) other inlet parameters

(3) tables

The tables can consist of a maximum of 15 maps or a minimum of 2 maps.

The standard form of inlet input data contains 14 data maps plus one

additional data map that is added if the user wishes to include a refer-

ence recovery schedule that is different from MIL STD 5008B. The short

form (2 map) inlet input consists of one inlet recovery map and one inlet
total drag map, each as functions of Wv%6 AC and Mo. The short form

input can be used any time the inlet data are provided in the specified

two-map format. A common way to obtain the two-map format is by convert-

Ing the 14-map format data into the two-map format by means of the

INLTMAP computer program described in AFFDL-TR-72-147-Vol. II.

The file name is an 80 character title which correctly describes the

inlet. The other inlet parameter needed for a PIPSI execution are de-

scribed on 3 cards:

Description Format

Card I Blank

Card 2 Blank

Card 3

Cols 21-28 Starting Mach number F7.0
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3.3.1 Inlet Miips File (Long)
This inlet map file consists of up to 15 tables. The tables are input in

sequential order and are listed below. The Inlet map file tables must be

preceded by a card speciflying the inlet starting Mach number. This is

entered in Cols. 1-7 using an F7.0 format.

Table I
A Type 1 table of Local Mach Number versus Freestream Mach Number. This

table is used to account for the fact that the local flow field ahead of

the inlet may be different from free-stream.

iTuO*l LOMWa*chwibr

Table 2

A Type 3 table of Recovery versus Mass Flow and Local Mach Number. This

table is used to obtain the inlet total pressure recovery as a function

of "engine plus bypass" mass flow ratio for each free-stream Mach number.

Table 2 Rscowvy vs Am Flow

,.,

Table 2B

A Type I table of Matched Inlet Recovery versus Local Mach Number. This

table is used to obtain the "matched" inlet total pressure recovery for
"sizing purposes and for mixed compression mode inlet operation at free-
stream Mach numbers greater than Mstart.
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T"bl 23 Methed Inlet Powar

Table ?C
A Type I table of Matched Mass Flow versus Local Mach ftenber. The data

in this table are used to obtain the *matched" engtne-plus-bypass mass

flow ratio for sizing purposes. The data from this table are also used

for mixed-compression inlet operation above starting Mach number,

Mstart.

Ti"i 2C MuW Mra Fl•w

,. ,.,.. L _,, I T{I._ _J

AOIAS

Table 2D
A Type 1 table of Buzz Limit versus Local Mach Number. This table pro-

vides a first-order estimate of the minimum inlet mass flow ratio at

which buzz is likely to occur.
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T"II Su Urn

AoIA 
I 

;

Table 2E
A Type 1 table of Distortion Limit versus Local Mach Number. This table
provides a first-order estimate of the maximum Inlet mass flow ratio that
can be reached before engine distortion limits are likely to be exceeded.

A TAre. 2F Distortion Iwt I
URN.

Table 3
A Type 3 table of Spillage Drag versus Inlet SupDly ratio and Local Mach
Number. This table provides tne inlet spillage drag coefficient varia-
tion as a function of inlet mass flow ratio and Mich number. The drag

coefficient data arc "zeroed-out"t at a reference mass flow ratio which Is
presented in Table 3B.

T"N a ANIsg D"~

/A.
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Table 3A

A Type 1 table of Reference Spillage Drag versus Local Mach Number. This

table presents the-reference spillage drag coefficient as a function of

Mach number. This-drag coefficient corresponds to the spillage drag of

the excess airflow betwean -the reference mass flow ratio avid a mass flow
ratio of 1.0.

T"bl 3A Haok~mis 110iii DragCD,. "A -I I I fi I

Table 3B

A Type I table of Reference Mass Flow versus Local Mach Number. This

table specifiet the reference mass flow used as a basis for spillage drag
calculation. The spillage drag at the reference mass flow ratio Is

normally included in the aerodynamic drag polar, since it is not throt-
tle-dependent.

Ta, " 36 ftsommta. Flow

ASIA$

3
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Table 4
A Type 2 table of Boundary Layer Bleed Dragversus 8loed Supply Ratio and
Local Mach Number. This table is used tc obtain tha boundary layer bleed
drag coefficient as a funiction of boundary layer blode mass flow ratio
and Mach number. This table Is used during operation in the external-
compression mode.

Tabe 4 •ow•'Vy hy e OM 0

A ý

ASLCI.

Table 5
A Type 2 table of Bypass Drag versus Bypass Supply Ratio and Local Mach
Number. This table is used to obtain the bypass drag coefficient after
the amount of bypass mass flow is determined at a yiven local Mach number.

T"bl EIVPM DOn*

-
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Table 6A

A Type 3 table of Bleed Supply ratio versus A o/Ac and Local Mach

Number. This table supplies the data required to obtain the boundary

layer bleed mass flow ratio as a function of "engine-plus-bypassU mass

flow ratio for a given local Mach number. It is used in the external-

compression operating mode.

%IA 
E io I \ N

AJAS

Table 6B

A Type I table of Matched Boundary Layer Bleed ratio \versus Local Mach
Number. This table provides the boundary layer bleed mass flow ratio for

mixed-compression mode operation. For mixed-compression operation It is
assumed that the bypass will be scheduled to keep the Inlet operating at

the design shock position.

AIA* "
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Table 7
A Type 3 table of Bypass Ratio versus Engine Supply ratio and Local Mach

Number. This table i,s used to schedule the amount of bypass mass flow as
a function of engine mass flow ratio and local Mach number for external-

compression mcde operation.

Table 7 lypem Mw Plow

A*

Table 8
This is an optional Type 1 table of reference recovery factor versus

Free-stream Mach Number. This input table is used if the uninstalled
engine data are based on a total pressure recovery schedule vs. Mach

number that is different from MIL STD 5008B. The user can inpit the new
schedule using this one-dimensional table. If the table is not present

the program will assume that the uninstalled engine data are based on the
MIL STD 5008B recovery schedule.

TaleSI 6iW. Teel Pmuium ftoovwy

.2. A11111MB.
,1 YMe
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3.3.2 Inlet Map File (Short)

This inlet map file consists of only two tables. This Input data format

can be used if the inlet input data are available in the form of two

comprehensive maps which include all the individual effects. The two-map

format does not provide good visibility of the individual contributors to

drag and recovery, but is sometimes preferred by users wishing to know

only the total result. This format is not used very often because the

two-maps are normally obtained by starting with the 14 maps and convert-

ing them to two maps. Therefore, if the 14 maps are already avallable,

there is little reason to convert to the two-map format.

Table RF

A Type 2 table of Recove, y Yersus • and Local Mach Number
6 AC

m P~T 2 _

A At

Table CD

A Type 2 table of Inlet Drag versus and Local Mach Number
6 At

INL
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3.4 AFTERBODY MAP FILE

The afterbody file consists of three separate sections of input.

(1) file name

(2) other parameters

(3) tables

The file name is an 80 character title which correctly describes the aft

body being simulated. Following this are 4 blank cards or the cards

described in Section 4.2.1.2 of the Derivative Procedure Document (Vol, III).

Table AB

The afterbody drag table is a type 2 (non-snmetric) table of afterbody

drag versus AlO/Ag and local Mach number.
.24 ,

":)•. ....----- L.-...........

.1 0- . . . . . ..20

.12- - - .

Ala /A 9

0 3 2. z~5.00

010
°o .2 _ M- 1.6- 2-•.--0 2A 2.8

The same table format is used for both round and two-dimensional nozzles;

however, the afterbody drag coefficient-in the input table for the two-
dimensional nozzle is defined differently from that for the round nozzle

input. These coefficients are defined as follows:
For Round Nozzle:

CD AS DAB
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For Two-Dimensional Nozzle: cppj . DAB

q0 (A10,- Ag

The present version of the input data maps for the two-dirnensional nozzle
is different from that for the round nozzle because the existing calcula-

tion routines were developed using the calculation routines from two
different nozzle/aftbody computer rout~ioes - one developed for round

nozzles and one developed specifically for two-dimensional nozzles. When

the present program was developed both these calculation routines were

included without change.

The two-dimensional nozzle drag coefficient was originally based on

(A10 -Ag) rather than AIO because It offered a more direct use of

the correlated drag data.

Table AD

A type 4 table of afterbody drag correction versus pressure ratio, local
Mach number and AIo/A 9 ratio. This table is optional and will be

defaulted to zero if it is not present in the afterbody file.

ACD AS .. _2..18

*eo

3.5 NOZZLE THRUST COEFFICIENT (CFG) FILE

This is an o1tlonal file and is only needed if the user select! the

tabular (Cr -i) option when inputting data at the terminae. The CF file

consists olthrie separate sections of input:

(1) file name

(2) other parameters

(3) table

i4



* The file name is an 80 character title which correctly describes the CF

data. Following this are two blank cards. The format of the table

varies, depending on whether the, user has selected. a round or 2-dimen-

sional nozzle.

For a 2-dimensional nozzle the table is a Type 2 table of nozzle thrust

coefficient versus PTr /P. and PS.
8 anP O4MT I Ao

PTIo

FCF

3.6~PT /ATREAEAFL

,1 This is an optional file which is only need;ed when the user selects the

variable capture area options 2 and 3 (subsection 4.13.2) during a inter-
active seRso on. The capture area file contains one table which is used
to dvtermsne a capture area versus Mach number schedule to be used during

StChe program execution.
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If the user selects option 2, a Type 1 table of Mach number versus alti-
tude is expected.

ALTITUDE (ft.)

MACH NUMBER

If the user selects option 3, a Type 1 table of capture area versus Mach
number is expected.

Ac (in,
2)

MACH NUMBER
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SECTION IV

USER OPTIONS

The PIPSI program is designed to be run interactively. The user must

enter data in response to program displayed questions in order to execute
the program.

The,;e questions are enumerated as follows:

4.1 NOZZLE THRUST COEFFICIENT FLAG

The user may input either

0. - for cF from engine deck
G

1. - for C 0froml CFGtable*

2. - for CF* 1.
*NOTE: CF file (subsection 3.5) must be attached.

F

4.2 NOZZLE TYPE FLAG

The user may input either

1. - for a round nozzle

2. - for a two-dimensional nozzle

4.3 CAPTURE AREA OPTION FLAG

The user may input either
1, - for constant capture area option (Must be

used if short form inlet map Is used)
2. - for variable capture area option

4.4 ENGINE NUMBER AND SCALE FACTOR

The user must input the number of engines and engine scale factor to be

used in subsequent calculations.

45
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4.5 MAXIMJM AND INTERMEDIATE POWER SETTINGS

The user must enter these values in order to determine the correct gamma.

(If power setting less than max power setting and greater than interme-

diate power setting the gamma - 1.3)

(If power setting less than intermediate power setting the gamma 1 2.35)

4.6 A1O AND A1OA9R

The user must enter the values for the maximwm cross-sectional*reference

area in ft 2 and the reference nozzle exit area ratio.

1•.7 REFERENCE MASS FLOW RATIO FLAG

The user ;nay input either
0. - to use Tables 3A and 38 in spillage drag

calculation

1. - use mass flow ratio of 1. in spillage drag
calculation

4.8 ENGINE PRINT OPTION

The user may input ither
1. - to not print the engine input data on TAPE6

2. - to have the engine input data listed on TAPE6

4.9 INLET BYPASS MODE

The user may input any of the following:

1. - to have alilexcess inlet airflow spilled

externally

2. - to have all excess inlet airflow bypassed

above an input Math number (MOSBP)

3. - use scheduled bypass with rest of excess in-

let airflow spilled (table 7)

46
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4. - determine the optimum combination of bypass

and spillage for a minimum inlet drag

5. determine the optimum combination of bypass

and spillage for a minimum SFCA

4.10 ENTER MOSBP FOR START OF BYPASS

This prompt will only appear if the user has specified an inlet bypass
mode a 2. In this case the user must enter a Mach number for start of

bypass.

4.11 ENTER DYPA.SS PRINT OPTION

The user may enter either
0. - for no bypass printout
1. - to obtain bypass mode printout for bypass

modes 4 or ,

4.12 ENTER RECOVERY AND DRAG MAPS FLAG*

The user may enter either

0. - to use the standa&d 15 inlet maps

1. to use only 2 maps for the inlat
*NOTE: User should read section 3.3 for Inlet map file

struc ture.

4.13 CAPTURE AREA DETERMINATION OPTION

The program will now prompt the user as to -he method by which the cap-
ture area is to be determined.

4.13.1 Constant Capture Area Options
If the user has selected the constant capture area option described in

Section 2.3, the user must respond with either

47

q I I I I I t 1 • I i --



1. - for the sizing envelope option

2. - for the sizing point option

3, - for input of a single capture area (must be

used if short form inlet input is used)

For the sizing envelope option the user will be asked to input the low

and high Mach numbers to be used for capture area sizing. The engine

deck will be searched for all data cards with Mach numbers between these

bounds. The maximun capture area for the cards in these bounds is the
capture area to be used in subsequent calculations.

For the sizing point option the user will be asked to input a design Mach

number and a design altitude. The engine deck will be searched until

this combination is found on a data card and the capture area from this

card is used in subsequent calculations. The program will not interpo-

late for this point so it must be in the engine deck input.

In option 3, the, user simply inputs the capture area to be used.

4.13.2 Variable Capture Area Options

If the user selected the variable capture area option described in Sec-

tion 3.6, then the user must respond with either
1. for sizino envelope option
2. - for Mach number versus altitude schedule

3. - for Mach riumbe- versus capture area schedul,

For the sizing envelopýi option the user will be asked to input the low
and h,.gh Mach numbers to be used for determining a capture area versus

Mach number schedule. The engine deck will be searched for all data
cards with unique Mach numbers between thete Mach number bounds. A

schedule of capture area versus Mach number is developed from these cards,
4
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If option 2 was selected, the user will be asked if the Mach altitude
schedule is to input from terminal or input from the capture area file.
The user must .enter one of the following:

'0. - if the schedule IS to be input from the terminal
1..- if the schedule is from'the capture area file

If the schedule is from the terminal, the data is input in the form
(number of pairs followed by the pairs of Mach number - altitude val- I
ues) all separated by blank spacos.

If option 3 was selected, the user will be asked if the capture area

versus Mach number schedule is to be input from the terminal or Input
from the capture area file. The user must enter one of the following:

0. - if the schedule is to bo input from the
terminal

1. - if the schedule is from the capture area file
* If the schedule is from the terminal the data is input in the form (num-

bar of pairs followed by the pairs of Mach number - cipture area val-

ues) all separated by. blank spaces.

4.14 CORRECTION DESIRED

A',fter all there inputs have been entered, they will be displayed on the
terminal for the user to peruse. The user will be askad to enter a
correction desired flag. The user must respond with either

0. - no correction desired, which begins the pro-
cessing of the engine decks

1. - change the variable that is Incorrect. The

user will then be asked the name of the in-

correct variable and will be given the

opportunity to correct it.
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4.15 DATA 1'ORMAT

If during a terminal session the user responds with an input which is in

an incorrect format, an error message will appear on the terminal and the
user will be asked to re-enter the data. If the user wishes to exit the
program during the question and answer sequence a %A Is entered In re-

sponse to the input prompt.

When the engine deck has been processed, the first prompt will again be

displayed to begin the next engine deck. At this point a normal exit can
be accomplished by entering "END".

!SO

II
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SECTION V

PROGRAM EXECUTION SEQUENCE

hI order to execute PIPSI, all data files and the PIPSI program must be

aitached. The appropriate data files must be attached to specific file

names recognized by the program. These are -

* File name used in Program

TAPE51 a inlet map file

TAPE52 - afterbody map file

TAPE53 - CF fico

TAPE54 - Capture area file

TAPE1 - Engine data file

A typical CDC system set of control cards is shown in Figure 12. All of

the program results not displayed on the terminal are placed on a file

called TAPE6. This file may be saved or printed by the user utilizing

the appropriate control statements. In Figure 12 output was disposed to

the line printer. Examples of typical input data files are presented in

Section VI.

ATTACH, TAPE51 a ATS2PM.

ATTACH, TAPE52 w ATS2DM.

ATTACH, TAPE53 w CV2DM. Attach necessary data files

ATTACH, TAPE54 MARY3M.

ATTACH, TAPEl AFE.

ATTACH, LGO PIPSI. Attach PIPSI relocatable

binary

PIPSI. Execute program

REWIND, TAPE6. Output results to line

COPYBF, TAPE6, OUTPUT printer

Figure 12. Typical Set of Control Cards

5].



V31S PAGN 16 M MI Q1YATdIY PI M1 A~

SECTION 'd 1~M Hf FUMISMIT O nDa

EXA14PLES OF TABULAR DATA

6.1 ~INLET TABLES (LONG F0RI 2 SDO20

ATS M ET "A 7.30 2050 .0) . ?0: 3 . 0100 0 0 12 .0"00 2 0

'10 1.00 1.0 ?00 ,p .0 0.0 12 .0

1.00 1.251.0 
* .0

IARLEl
0.00 200 20500

0000 .00 2.00

w.000 6,00 7.00 7,000 6.000 9.000

7.000 6.000 "80 193Qf) 1.900 2.500

,5 5 0 . t -1 4 47 1 9 970 . 4 ) : 0 .8 7 4

*00 0 *4A4 
T5AR -793 *f ?

. P .560 0-- '444.50 .7

Cli c#8 897 .944 0 il '00 o

'99900 oh 6 9 7060 's

,4 16 959 .447 95 *R77 96 . P02 .90 62

,9 * I S ,? 0 I? Q 1 7 * 0Q $ q S7 ' 0 4 0

4 4o '7 0 4 ~ . 6 .0 40 0140

,~4q, .504 .. 7

,to0k 
)20~ 

) 60 ~ 0 100 1.1300 2.900 20500

.69'~ ~ ~ ~ mo .P, 
.@'.7 

060 ~7,¶

TAW.6t37 
.*00 1.000 1.3400 . 0

Id~ 774 .' 6k.0

T&BtE2 0  6. 0 *I ?-o eo

0.000 1.1580 1S0~a' 
.0 .0

0.0000 0.00o 
qA *3

TASLEf 1A. oo 143 *

.550 .700 .45 41.0 1.900 '4. l7 00

: 7A?0 .COO 7. 100 
1. 0 * 00 7.0 00 000 71 000

q400 o.000 0.000000

0.0006 '70" 1.0000
0.000 0.0fj00 0.0100

002 00 . 205 140700. 
72 1. 0

0000 06 0".1 .0 0.000 0.000

'4 3 2 0 .0 1 0 4 0 0 1 05' ~ . 0 3 0 0 .7 1 0 * 7 q 1. 0 0 0

p755,0 .1 1 05 . .0 14 .001 , 1. 0 .000

.240 .320 "IDA .4 0 . 60 :640 .7 0 i' 0 00

Ot i s 1 7 12 .0 4 0 7 ' * 0 Q 0 .0 0 0 0 .0 0 0

0240 0332 Ok195

03132 '232 11 
CIS.0 6 . 35 . 1 0.00 . 0

025t .4339 .21 *705 *7 9fi 1.000i

p4 42 '12 .6 1 :7 01 ,4 0 05 1 00

*16 6 1 : 602 .23 .0 ) 0.000 0.000

.500* '469 '~* .95 .611.0

.975 55 66 13 M 0k 0. 00 000

2 623 :02 0:00.01 1.00

'766 956040000000

791 010



TAILEA 36= A 1 M UWT F XU
0.000 1.000 205j0

0.000 0.000 2.000

00000 604 $Nqo .0400 RosoF011
0900 *11 OtP 0400 0.000

coco 0*00 00 0. 0000 0.000
0*00 Go? 014 Opq 004P
coco 000 021 .04? .01*2
coco wel OPT .044 o064

0.000 .011 .021 .046 t86l
TAILE5 7.6 so
coco006.49 .950 1.0000 Igloo 1.600 loc0s00 1400
0.000 .042 .00R *l?5 .266 Stoll .149
0.000 0::0n 0:000 0:0 00000 0:000 ::0::
0.0000 00 00 60 00 00 *0
0.000 *066 *MP *190 .210 .110 .500

*--00 0.050 .100 9156 0917 o2f0 SIT$
0.0000 .003 .075 411" .161 *PIT Oros
0.0400 .000 ,009~ 0406 .113 *let 9234
-co00a0 .026 .0M *0@4 INIFO .164 Otto�

T AILF6A P,,.....
-"2.0000 2.000 5.000 5.000 qeoO0 6.000 .4.000 490

0.000 *800 1.000 1.100 1.600 1.900 Was0 2:9600

-.001 6,1O0
0.000 0.0000

.0004 000 .0001 .001 0.000

.500 4594 '70P ?Mql '

.015 #014 .001 Onow 0.0000
03F? 0611 .751 .70: 9877

6ý45 o637 .740 040 omqi .917
.0024 *Cip .01'., .011 001,0000

.570 0(66 0742 SINAI *spa 49RP
o04m .040, .041 SOP? 6022 0.000
0594 *AQ4 *794 logs .924 009*
0066 .0041 .055 .041 .013 0.000

TABIEAM is
0.000 .000 1.100 1.900 20400
60000 0.0000 .001 *OPT .013

*TARLE? 6.

1.00.0 2.000 4.000 4.001 4.000 4.000

0.000 1.000

0:000 0.000

.404 .004 0.000 0.0000

.366 .9798 son? 1.0000

.44P .009 0.000 0.000

041 .00 04800 04040

1932 .6M 0.000 00000
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6.2 INLEI TABLES (SHORT FORM)

TABLERF1o. 1'.
.5 .75 100 1.25 1.5 1.75 2.0 .25 .5 .5
3.63 7 . Z 6 10.69 14,52 1.15 21.78 25.41 29.04 3t;.85 31.67

. Y b- "5.960'5 .,9VOS• e96•G 5 ."-s615 '6s--65
.99 .99 .99 099 .99 1.99 I.99 .99 ,99 .9891
.98?5 .9872 .9869 .9866 p..q63 09a6 .9857 s9854 .9851 .9846&---- GV3--.-fT .989 r;V8 --. ,9alD 939•,3 .9791•3 .,V"-r, .•7"o G ,-•
.9425 .9:427 .9429 .9432 .9434 .9436 .9439 .V,441 .9442 .9443
.9262 *qZ62 99263 s9263 .9264 .9265 .9265 .;2bb .9266 .9266n.--'qZ~-.p Q223 .9 9'2 5' '; 9Z3 9- 1-', 'T'9T4-6--7V!"•4 .-;d .... ;*,,41'
.9538 .9538 ,•)538 .953b .953a .9538 .9538 .9538 .9538 .9538
,9605 ,9685 o9685 ,9608 .9685 o9685 .9685 .9685 .9685 o9685

TABLECD10. 10.
.5 .75 1. 1-25 1.5 1.5 21.0 .25 .5 95
3,63 7*Z5 10#99 140Z 10.15 ZIMT Z5-:.;41 T4•.'04 59, 72.67;T -

0, 0. 0. O. 0. 0. 0. 0. 0. 0.
.59'8 s 1063 .4198 .3333 .2467 .1735 .1133 .0675 .0536 .0399

.8769 .7692 .6598 .5517 .4438 .3467 .2650 .1968 .1684 .1401
1.065 .9508 .8366 .7Z23 .608 .4436 .3791 .264O .2118 .1691
1.075 .*44f , S"U13 *,, * 6 ..9 ... U .J M.603 o1393 .90475
.. 0776 o9154 .7531 .5906 .428 o2652 o1321 .0557 .0444 .0404

o. 0. 0. 0. 0. 0. 0. 0. 0. 0.

0 06 0* 0:l 0: 0: 0: 0 0 i

_ . --_ _• O -, - _ _-O O O O

O. 0• O, O, O O* , O. O.55



6.3 NOZZLE/AFTBODY DRAG TABLES MIS PACM IS T AtM M&CTZ4WA
Cn' 0e O I•NI TO M..

Cr)•,• INPO•T HAD AFTBODY DERIVATIVE'1.00 2.00 3.011 017 .10. JPARAMETERS

7.00 7.00 7•,30 7.C 7,03
637.00 700.00 760.30 qoCso.' B9?0O0 030.00 7?*.00

44,53 41,.O 36,00 1•0o1 ?5001 20.50 ?0,50
637*0 70.,00 760,00 P00,01 q-1000 "30,0 R7?.,00

44.50 41 .oSC 16.00 ?10o, ?r ,00 20o'50 1v704 NOZZLE/AFTBODY AREA
.b37%.'0 700,00 760*30 qo 00O0 120,00 P10400 A76,0C DISTRIBUTION

44.50 41o50 6.0,03 3160a ?5,00 Q 0.50 13.30 DATA
637,.00 70.OO 760.00 .o. q 7 0 - 0 0 P.0.00 "7f.600

44,50 41,C 3'.a 00 31.0) P.', 0 4.3 50.p0 .9Q?
637.00 700.00 "63,30 .0000 A?0.03 030.00 476*00

44.50 41.50 35,930 31.00 ' ,30 '0.50 6.00
060C 2.600 1.00 ] CONSTANT PARAMETERS

TAOLFAI.R ,s
2IoO ?.7e500 ,"30 53.00 7.430

,400 ,q300 1 .10 1 ,•.0 1.400 1,'S00 2,000 2.,00
.096 .097 .156 .11 0 10 ,0 .OA6 006P .061 RASIC DRAG
.107 a, . t&7 o141•' Olin ,004 ,07F 4117 MAP DATA
.123 ,174 lQ .1 ,173 ,4.) ,11 00•O 179 FOR... ,#134 %135; , ,0 ,Cq , 1"; 1, 0~• 100 1 006 9' -1.1
* ,142 .14, 1 a .A51 .01R6 6153 .a123 .10o

STk, FA•to 5. 4,
?,IRO 3,qo3 0 5.640 7,431

o400 *P75 1.50 l,'075 0 00
..,00 1,Coo 1.5"30 261c) 3.000".105• OOO, - ,105 -@Z-13 -*420 Io114 -. 000 -114 -o?P7 -p,4•55
,06M 0,000 -,0 R -,*1 ?7. -,- ?74

,015 0.000 -,015 -.01n -. 061
S002 0.000 -003. -. 004 -e00o OPTIONAL DRAG CORRECTION
*034 0.000 - 0",A -.071 -,143 DATA FOR EFFECTS OFS03Q 0.000 --,310 -. 077 -. 155 NOZZLE EXIT STATIC
,0?? 0,000 -. 0?3 -s.47 -sOql PRESSURE # 1.O
000 -000-9 1 -.313 - ?

.001 0-.00 -. Oil -. oo0 -. 001• 0PO OOOO -,a0:10 -04'1•, -,011I
,0222 0.000 -. 0?? -,044 -4 051t
.013 -,000 -,011 -. 027 -. 053
o003 -. 000 -. 031 -0206 -,012
.000 0.000 -. 030 -. 001 -. 032
.014 0.000 -,014 -. 3?? -. O55,015 cO0o -,015 -,nil) -,0•q

.009 0.000 -,OO0 -. 013 -,036

.002 0,.Oo -. 00? -,004 -,000
4000 00000 -. 000 -001 -. 0301
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fti A I S i3T QUALI TY PRAMflCAMT

6.4 NOZZLE (ROSS THRUST COEFFICIENT TABLE

CVI INPUT MAP
O, ON co, 1.145

S~O.w--1-, 0.

TABLECVIO. 7.
1. 1.1 1.2 1.3 1.4 1.5 1.6

.992 *992 .986 .976 °966 .955 .938 o924 ,.903 .O&6
o932 .965 89d4 .986 o962 .175 .960 s947 %925 w9oz

5sb2 09D5 ,965 ,582 .986 6982 .572 .9n64 .1?7 .932
.840 .89 9942 *97fJ .963 "966 o976 .968 .954*.9*2

.I867 ,922 .952 .97 .979 ,97. , ;72 .961 o952
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6.5 INLET (EIPTURE AREA TABLE (OPTIONAL)

"-1 A8LI•C?'5,

.- 8 .9t' 1.2 1.6 2-.0

"4.7',740 ,'q 40.Jii2 5,5t? 6.061

I

I 
! .



6.6 ENGINE DATA TAB3LE 7'"0?YIlW3HXD WQO
£19 -TUMCE T¶ AE- .

0.00 0. 1.U0 1632b. 36062. 162.69 20767 ?9.753 3.842 *9556
Do0 0. OC 10225a 39433. IR2.68 X.902 J*752 3.962 .9959

c.'Td 1 PC-5 Ad ;- 327S 531F T~?~l~6
465 a*l. 1.0 24134. 5370U. 167.96 4.124 '7.. 4.S76 .986A

1.00 06 I. .C'C' 25337. 5A960. 155.66 4.491 11.726 4.994 *.981,0
1.20 () I I . 6- I. Vb f4b . O 'iCTb--M fl- -j.7ffTT- hWf ;4-i 5
1.60 0. 1.00 3t537. 86437. 1.21.*1 6.614 3.5807 6.606 .9040
1.7P 0. 1.00 401402a 94250. 112.92 7.613 3,030 6.960 o964.5

2.12 0. 1.00 53272s132392, 101.01 10.285 3,637 7.515 o9927
2.30 Co. 1.00 6090',1536fl7, 95.40 12.063 3.031 8.004 490l1

.20 10000. 1.00 13623. 28054. 182.68 2%971 3.869 4.091 .9859
0.30 10000. 1.00 15202. 32239* 152@64 3.456 3.822 4.1322 e9665

1.00 10000. 1.00 20650. 41137. 171.72 5.040 3.712 5.140 .940V
2.20 10000. 1000 22770. 510066. 107.96 0.716 3.724 6.066 .9629
1*0100 4.00 29T63~iT2o73 7.604 3*750 b vSM7e 45ý
1.60 100004 4.00 21277, 3'ZQO* 131%73 7.7i5 3.096 6.219 &9785
1.,60 iocco. 4.00C 12842. 192.81. 132973 7.642 2.494 4.016 .9780

47r~o .00 32 Ml.-! fn.- - .5se 3.T314- 6.9 .4
1.78 10000a i. 00 22902. 42b96. IZ0.07 90.38 3.107 66352 .9917111100 oI1b9 9Zo 29786624552? 06
1.16100 .01bQ 92.100 9.597 3.1437- 5242 7 7v4
1905 10000. 4.00 Z5833.ý 41R23. 112.36 9.768 3.165 6.639 .9023
1.95 10000. 4000 13329. 21276. 112.36 9,924 2o467 5v410 09797

7 105.97C 11-12 *5 TJ7ffW Z
2.12 10000. 4.00 29210. $t087. 105.67 11.318 3.190 7.119 .9815
2.12 10000. 4.00 14273. 23424. 105.67 114501 Z,461 5.062 .9782

0T~ V '1 3 I W OR.~5 rot.8 ~ ~l
2.30 10000. 4.00 33024. 64907, 100.10 13.171 3.208 7.192. .9819
2.50 10000, 4.00 15111. 25769, 100.10 13.396 2v464 6907Z e951E

2.ri .1 4.131 q 56
.to 2150o. 1400 N533p 17646, 192.68 2.961 4.025 4.264 .9659'
.50 2250r¾ 1.00 9557, U0205. 182.66 1.4* 3.981 4.530 .9884

1.0 22500:, 1.00 14473. 30346. 182.66 Di527 3..755 5a393 -:.670"
1.20 225CU loo0) 17143. 35920o 175.51 6.669 3.706 6.386 v94

1,60 22500. 4.00 15970. 26673. 1.46.17 8.929 3.075 6.190 .9827
1.60 22500. 4.00 1015.7. 131940. 146.17 6.047 2.464 Salli 09795

1.78 22500. 4.00 17765, 30321. 134@49 10a190 3.090 6.532 .9823
1.76 22$000 4.00 10460v 15320. 134.49 10.329 2.462 50515 .q979

1.95 22500. 4.00 114226. 33740. 122.63 11e.257 3.140 7.169 .9805
l.QS 22500. 4.00 10916. 15YO, 12'.6b 11.424 2.465 5.713 99P03
re1-M7 ~ r q v Ir 19 11 - 4.0 ZV, 14 11. 2 * 9410 313 11 .567- 90ri
2.12 22500. 4.00) 210q99 118011o 113.50 12.639 S.180 7.236 .9815
2.12 22500. 4.40 11152v 1.6743o 113.50 12#040 2.405 69059 e90

-~--TF-b-~ 3;--'~r -Z~Z~ 4 * a. ? I
ZOO0 22500, 4.00 2M74, 437439 106.70 14i639 3.194 7o582 %?981
2090 225C0. 4*00 12514. 10405. 106.70 14.877 2.434 6.2741 .0500

FS 86 V?1 124 2#75r 4. 1 46 %94 ' * -M
.20 15000. 1.000 5061: 10536. 182.60O Z.953 4s166 4.436 o9859-
.50 950001 1.00 S706% 12123a 162.6$ 3.441 49140 4.725 .9ebt4

1.00 35000. 1.00 A733. 15104.w 182.65 5.523 3.9Z1 Do?46 .9eba
* I1.20 15000. 1.00 11041. 22449a 1e2t66 1*0S1 3.797 6.015 .9637



I' uns PAGEI I-S DUST QU3ALITY nwrZA94
6.6 ENGINE DATA TABLE (.Continued) F1 FUO1M OD'

1.60 359a0 4. 0 li11t74-`T79Q7o 162.97 10.501 39, ~6v136 *9845
1.60 350L'co 40.00 ?b667, 97d9s 162.97 109634o 2*401 5.355 .98Z1

1.78 35000. 44.00 17419. 35821. 149*53 11.713 3.731 7.036 - .'R1'

1.78 3500C5, 4.IJ0 bldl, 10721. 149#50 12 374 io4a4 5,634 .'161Q
1.95 350CO. OL)o 193 75. s4C433 a 13d*33 11:255 30743 de3 *9b03

-T63f 3 7 M6 -475- 1-4 Z -6. z IbV-1j.4w If.;4Tu 7eY 1a~ 5-.9 8
1,,q5 3 S00. 4.00 b72bo 11718. 138.00 11.667 2,464 6,025 *9b15
Pel 35000m, 4.00 21239. 45'2~7 1'26.74 14.827 3.765 8,263 o9779

2.12 35000. '..00 10 36.a 125.10. 1.2i67,4 1.5.298 20.,84' 60 4 Oo0.9822
2.30 15000a 4.00 228996 $017b a 115917 16..Z73 3.830 8.673 09755

2o30 35000m, 4*00 88 19. 1-26e2. 115.17 16o825 48 643990
0.00 4*7!00. 1.00 25~66 a 306v 182.8 2.857 3.872 4*Z .9857

* 50 47500. 1.00 30PO, 6620. 182.68 3.5'.5 3.939 49516 .9665
at.9 47500. 1.00 4108. (6614. 182.64 4.77#j 3.da1 5.161 .9869

* 1.2 475OCC 1.00 6060a 19313a, 182.68 7*2(ib 3.731 6.697 .9e41
1.60 47500. 4.00 8~174. 16749. 157.43 9.947 3 a720 7;31Z *9839

-- m'r~ -i-r. j r.7j~dT r[ 176 ý- .40- .9422
J.hn 47500. 4,00 3986'. 5074. 1n7a43 10,250 2*4155 5.327 .9816

l.7q 475CC. 4.00 9?07. 19ý101. 145vL5 11.366 W.33 7*534 .962).

1*?') 47300. 4.00 42Q9. 5712a 145.2-5 11*716 2o484 5:4 09814
1,95 '.75CC'. 4eOC l02'Q5, 21jikd* 134.56 120'14 30744 6.015 99007

5-4o~ 7"Yr OC. -- ,01-7 Q iY.r2' 6 r',-1 4 X Y*--. 7:Nr~ r7; a 16
1.95 41,1500.00 4oO kQ5v 6270o 134.56 1',3.5L Z.485 5o163 .9130
2.12 47500.) 4,00 11413. 2.442b. L24,bO 14.595 3.760 d.Ze .9783

2-1A 47500. 4.00 4863. 67t9. 1214*60 154U57 2o4#55 6.263 .9d806

-2.30 47500* 4.00 142290s 27CO49 113.'16 150979 3e532 89629 *9 75q
-- ;t4 .ti t0 0-7 9 6-.151 4 ý- I -Z I~ -. r-1 ;2A-l-. rg r --; 7 Z6' ;47
2.30 4750C: 4.40 4711. b6.39. 113q16 16.522 Z.4b7 6.34a9 .9!06
0.000 60000. 1.o001 1317. 21176, 182.t6d Iv.4C 3.364 3*530 09060

1021 60000. 1.004 V040 60694 166467 60%12 3.656 6.311 .9839

1.50 60000. 4.00 3.8D0. ?526o 144142 91232 2.487 5.493 99789

1.70 60000. 4v,00 4492. 9610. "31 73 l0.391 3,740 7.63? .9626

1674 60000. 4.00 2043. 2834, 134073 100713 2.485 5.515 .9806
1.91 60000o 4.00 51119 11023q, 1264VI 110~46 loY14 7.030 a-9817

1.95 60000o 4.00 2230o 3149o 126407 12.321 Zý4b6 5:999 .9300
2412 60000. 4.00 3702. 12609a, 118.27 13.666 5977.4 l.16? .9795
tod U `aY WeMr- -rV~ T1 r.- ITT 30m 3j 700 44,911

2*30 60000a. 4.00 62S66 14093y, 2O4131 15116 3alS42 d.311 .9771
2.30 4kqgO TUV5 Vs&* 1901M12 J.3U sea olff 7&678 oIT
2.10 60000. 4,00 2$4k.o Mile 1~ 1*3.61 go($$ 6.292 .9009

qqqqqq,

.23 0. 6.6' 26202 56900 133.31 2.14'. 2.a4ý16 2.13! .9841
at$ 0. 8,34 2217* 2364, 44*11 1.41 2.416 1.992 .9650

725 Ij au -10* 4. a I I ~i 7~ir
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6.6 ENGINE D•ATA TAB' 4 (Continued) ilI ?A W ,1r U ST ,J..,•, ppA-.T•" M

,5 ) ,00 z-?Iq, 13 1., ý . . •7 ,be6 a*Z• 2.415 Ze631 ,086i
.,50 0, a bý7 7105* "/1g 3' 1&b Z ,.• 8 •.5ý9 2. ." *261 .•953
45C( to 8*54 29k4* 3372v 104. •1D 1.72q9 2.441, 2. ,050 ,9b50

,AO 0, 5.00 11017o, 14,78. 17.70,4 4.104• 2.41b 2# 75,-) ,@lbZ.

,.60 -Z S3'• 3 ý'i 67.w - q , '-k, 02o .64 "'T 2 = * 2*416 2,17i 9e,
040 O, 10,0V ID(66 2 4 f4*, 57.26, 1*682 2.4•17 Zo044 #Oa50
.,90 0. .'..og_12.037._ .15.. ?. 16. 8 4*•.• z7.Z 2. 416 3• . 124_••_ .9.830.

,9• ( 6.67 75bQ, 9•,Z 1D5, ,ZZd .415 2~• 64ý Vi5
.90 00 8,34 3579*, •124, Igbd 2,'AT7 Ze4lý 2,338 ,9t31
.90 C. 10,.00 900, 2__R52, 84.72 1,881 Z.416 2,119 e980(0

1,00 00 5*00 12256* 1.6130ý 158.b6 .7ý3"f -2,161 3,s-Y1 ,980&
ý on Om Cý 67 6703, 99696 131.27 3.5Lq 2. ý16 2.891 *9799
1,00 Of 6,34 2'666* 5748* 108v34 Z.,68l Zs*413 2*532 ,9795 1

---- ZA ,oo6CF o,-~o -w -•-"375 6-. r.§ Z. k•-'~-'• -1'T'b--"2 '-. 2 s,

I Z5 ZOOUOO 10*00 354. 713* 58.75 1,.17 2I ,4 1,936 *9650
f.50 20000. 5.00 ',962, 558?6 162.ba 3.'556 21.415 .621 *966?

j ~.50 20000. 8.34, 135.: 1521. 16.67 1.7.10 2.4,17 2.053b .9b5~o
.}.5'0 20000, 10,•0 406. 86Q. 7ý,39 1.326 2,s,•ll 10-1 m• 965%)

-- 4 ,,O 0000. A.34 164;6, 4?51. I111.806 2,332 2,,416 2.20Z 9gb47
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SECTION VII

EXAMPLE OF A TFRMINAL SESSION

Ni >GET PT APE 1 "AFE oT RPE51 =TEST 1 PTAPE52=TESTE P T.6PE51"TE!ST3

li >BATCH
C >FFL iE.Q0000

RFL p60000.
C >NSL.R?6

INPUT NOZZLE THRUST COEFFZCIEMT(CV) FLAG WHERE
CV=O FOR CV FROM EIGINE DECK
CV=t FUR CV FROM CV TABLE
CY=2 FOR CV=!.(PROGRAM DEFRULT)

1>1
INi'PUT NOZZLE TYPE WHERE
1OZ-"I.E=I. FOR ROUND NOZZLE

NDZZLE=2. FOR 2-D NUZZLE

I>',

INPUT CAPTLIRE AREA OPTION WHERE
(C0i:TANT CAPTURE AREF01 .9VARIRE:L• OPT IJUN32.)

II1

INPUT I'hI.I-'ER OF EliGINES AND ENGINE SCRLF FRCTOR

I .No-, .9
IN'1PUT POWER P .:ETTINGS FOR GAMMri CALCULATI ON
(<MR-IM-IUHN POWER S5ETTIMG AND INTERMEDIATE POWER SETTIHG>

1>1. 5.

INPUT RIO FiND A10,'R9 FREF

147.9 4.
INPUT REFERENCE MRSS FLOW RATIO INDEX
(0. TO UC.E TABLES :3XA AND 3E:, 1. FOR MFPR.,O)

H>PUT ENGINIE PRINT OFTION(I(O-1 * YES=2.)

11>2.



INPF'UT PA: MODE IHDEX WHERE

":IMODE-I. ALL EXCESS INLET AIRFLOW .:PILLED EXTERNALLY
.,1OHDE--. ALL EXCESS INlLET AIRFLOW BYPASSED RIBOVE MOSDP
XH1ODE,3. SiHEDULED •'tPASS WITH REST OF EXCESS INLET AIRFLOW SPILLEID
'.HODE'=4. *OPTIMUM COMIsIRATICri OF VYPR-S AIID SPILLAGE FOR MlIti INLET DRAG
XrODE=5. DPTIMUM COMBIrNATIONI OF BYPA•'S ANDI SPILLAGE FOR MIN SFCA

1 >3.
EhTER 1. FUR-BYPASS MODE PRINT OUT 0. OTHERWISE

ENTER I . IF DILLY RECOVERY A1l I DRAG MAIRPS FRE O01 THE
11ILET liMP FILE ENTER 0. IF THE INLET MAP FILE HAS
ALL INLET MAPS

. ~I:0.

IiLET SIZING INPUTS
UIIFLIT ONE OF THE FOLLOWIINIG ':O]ES
1. ;lLO,:ML4HI (SIZING ENVELOPE OPTION)

M.l. 'IF::HviLT (SIZING PCIIiT OFTICN)
3. AC::PT (INPUT CAPTURE AREA - SO FT)

i• ~I :>1,

IiFLIT XMLO AND XI4H I .'1IZIG ENVELOPE OPTIONr)

S I:>.5 ;•.
S CVFLAG= 1 .00 X[IIZFGu I .0hJ CFIPOFTm 1.00 ,IZEFG' 3.Q0
El •4GO - •.00 SC.LE - .90 LJ;A S.E- 1 .00 X]I'1 1 5.00
at cl 47.90 RR, O UT - 2.00 DFTB
OFTP:P m 0.00 REFHFP 1. 00 TAtBRF a 0.00

-XI-ILD - .5c, 2.:HI =;.00
ENTER 1 IF CORRECTIOlI DE•lF OTHERIJIZSE ENTER 0
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INLET :'IZIhG DATA

INLET SIZIl•G POlVIT MsCH ." 0 FILT6OOe. WC 164.70
CAFTUIRE RPER 4.6?0 ZhO FT

BEGINr FPROCESS'INGib MRK::' 6 DECK'
AIR FDRCE TEST C2ASE

IINPUT P4Z.ZLE THRUST CriEFFIC!EIIT(CV) FLAG WHERL
CV=O FOR CV FROM EhGINE DECK
C0u- FOP CV FROM C:V TABLE
CV"- FOP CV-I .(PROG3RAM DEFAULT)

,I >EIiDo

4.15"5 CP SECn31'S4e EXECUTION TIME
C>

--- • 65
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SECTION VIII

NOMEMCLATURE FOR INPUT AND OUTPUT

This section discusses the nomenclature used to define the quantities

that appear in the PIPSI interactive Input and output data. The nomen-

clature used in the input data are discussed first, followed by the

nomenclature for the output data.

8.1 INPUT DATA NOMENCLATURE

INPUT NAME DEFINITION UNITS

AIO Reference cross-sectional area for ft 2

calculation of nozzle/aftbody drag

A1OA9R Ratio of aftbod reference area Dimensionless
to maximum nozzL exit area

CAPOPT Capture area option input co"mand, Dimensionless

CAPOPT - 1 : Constant capture area
CAPOPT - 1 : Variable capture area

CVFLAG Input command for selecting nozzle Dimensionless
thrust coefficient option

CV v 0: Use CV from engine deck
CV - 1: Use CV from CV table

CV - 2: Use CV - 1.0 (program default)

ENGNO Number of engines per airplane Dimensionless

NOZZLE Input command to specify nozzle type Dimensionless

NOZZLE * 1: round nozzle
NOZZLE u 2: 2-D nozzle
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OPT Inlet capture area sizing option input Dimensionless

OPT - 1: Sizes capture area for
largest size required between a
specified low (XMLO) and high (XMHI)
Mach numbers.

OPT - 2: Sizes capture area to match
the en gine airflow at a specified
Mach-altitude point.

OPT • 3: Input a fixed capture area.

OPTB Bypass mode index Dimensionless

XMODE w 1. All excess inlet airflow
spilled externally

XMODE - 2. All excess inlet airflow
bypassed above MOSBP I
XMODE - 3. Scheduled bypass with
rest of excess inlet airflow spilled

XMODE - 4. Optimum combination of
bypass and spillage for minimum Inlet
drag

XMODE - 5. Optimum combination of
bypass and spillage for minimum SFCA

OPTBP Bypass vs. spillage mode Dimensionless
printout option

1. - bypass printout
0. a no bypass printout

REFMFR Reference mass flow ratio index Dimensionless
command:

REFMFR - 1: MFR - 1.0

REFMFR - 0: Use tables 3A and 3B

SSCALE Scale factor for sizing engine Dimensionless
* airflow-related data items in engine

input data table
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SIZEFG Interactive command to tell program Dimensionless
the source of th2 input capture area
table:

SIZEFG - 0: Input from terminal

SIZEFG - 1: Input from disk file
TABRF Interactive command to the program Dimensionless

to use or not use the (2) total dnag
ard recovery raps instead of the
basic (14) data maps:

TABRF - 0: Do not use drag and
recovery maps.

TABRF a 1: Use (2) drag and recovery
maps

XDBASE Interactive input for user to Dimensionless
indicate power setting code
corresponding to max A/B power.

XDNI Interactive input for user to Dimensionless
indicate power setting code
corresponding to intermediate power.

XMHI Maximum Mach number for the inlet Dimensionless
sizing envelope.

XMLO Minimum Mach number for the Inlet Dimensionless
sizing envelope.
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8.2 OUTPUT DATA NOMENCLATURE

OUTPUT NAME DEFINITION UNITS
CASE Data point number Dimensionless

MACH Free-stream Mach number Dimensionless
PS Power setting Dimensionless

FNA Installed net thrust lb

WFT RF Installed fuel flow lb/hrSFCA Specific fuel consumption Ib/hr lb

FNRF Uninstalled thrust Dimensionless
corrected for total
pressure recovery

FRAM Ram drag of engine airflow lb
RF Inlet total pressure recovery Dimensionless

REF RF Total pressure recovery Dimensionless
on which uninstalled
engine.data is based

DINLET Inlet drag lb

CDSPL Inlet spillage drag Dimensionless
coefficient, Dspill/qoAc

CDBLD Inlet bleed drag Dimensionless
coefficient, DBLD//qoAD

CDBYP Inlet bypass drag Dimensionless
coefficient, DBp/q 0 Ac

CDINL Inlet drag coefficient DimensionlessD INL/qoAc

DAFT Nozzle/aftbody drag, lb
D DAFT/qo A10

CDPS Power sensitive nozzle/ Dimensionless
aftbody drag coefficient
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CDAB Nozzle/aftbody drag
coefficient, D A/q 0A10  Dimensionless

CDAB REF Nozzle/aftbody drag Dimensionless
coefficient at roference
conditions

DPS Power-sensitive nozzle/ lb
aftbody drag

P8/PO Uninstalled nozzle total Dimensionless
pressure ratio

A9 Nozzle exit area ft 2

AS Nozzle throat area

A1O Aftbody cross-sectlonal ft 2

reference area

CFG Nozzle gross thrust Dimensionless
coefficient

AIO/A9 Ratio of aftbody cross- Dimensionless
sectional to reference
area to nozzle exit area

FN INPUT Uninstalled net thrust lb
WF INPUT Uninstalled fuel flow lb/hr

SFC INPUT Uninstalled sperific fuel lb/hr lb
consumption

W INPUT Uninstalled engine lb/sec
corrected airflow

W ABS Uninstalled engine lb/sec
absolute airflow

FN/DELTA Installed net thrust lb
divided by 6AMB

WF COR Installed fuel flow Ib/hr
divided by 6 bWO'AMlB
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SFC COR Installed specific fuel
consumption divided by .b/OI/lb

Pg/PO Nozzle exit static Dimensionless
pressure ratio

AOE/AC Ratio of engine free- Dimensionlessstream tube airflow toinlet capture area

AOI/AC Ratio of inlet supply Dimensionless
free-stream tube airflow
to inlet capture area

AO/AC Ratio of "engine plus Dimensionlessbypass" free-stream tube
airflow to inlet capture
area

STATUS (Not used by current
version of the computer
program)

P8PORF Installed nozzle total Dimensionless
pressure ratio

W08RF Installed nozzle absolute lb/sec
airflow

i
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SECTION X

FLOW CHARTS

This section contains flow charts showing the operation of the PIPSI computer
program.
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CýBsgi

Set Program Defaults

* Rewind All Files

Call Subroutine * TSONCE to Exit If STOP I
Interactively Input Program Variables sTye

CallSuboutie "RDAA toTrasfera Sngl
MARK 12Z Dock From Tape 1 to Tape 2 and to i

Lyes End of File
on Tape 1?

No

A FN. ~WFT. W. FYOAlA.(SCAL

Fro Tap 2

i~i ~ on Ta3. P 2.1S ?. Caln Or~ Cni Ued)

INO

SCLEPAAMTES s AR4N



11*s CASE n

No

MACH - yes NMACH NMACH + I
OLOMACH

No 

yffNMACH-1 Call OUTGO NMACH-10?
OLDMACH MACH

L

I Byp"s
No Spillap

C!ption
57

Yes

Call subroutine * 8YPM6 to Got the Oplimum
Combination of spillage and Bypass for
Minimum SFC

CNII Subroutine COMP to Computo
Installed Engine Date

&-E ll Subro and Swe the

:4jtiiw STOFIýE ROW"

rqeure P.I.P.&I. Mein Proram landuded)



GTAR

PAMB "f (ALT)

TAME'- f (ALTI

r (CALL ATMOS)

~ I - MACH)C.

MILRF ~ ~ * IAM0 MACHF1.2  06(AH- . 3

r-To -AM (142MC 2C. DLBOTN 1

I TAMSphri (1 (MCH .CMC 2  DLDmO 2

0 0 f~5 . .7 COAyp MACHII

N/2  - ",FT AML~~ AogIB 1 OUIN(

M/cOUTINL (5)

WAN2 -yf W82 b L7 CDINL OUTlNL I6)

FRAM L WAN VI /Ac - OUTINL 47)

FG w FN+ FRAM

FG - FG#/CFG

WOS - WANS

Compute. F01  (W T, W06, Pa/Po, TI.O PAME, FG. FGI. AEU)
Call PERFI

Compuate CDINL 0f (MACH, PTO, W, MO., DINLET, RF)end RICj Call INDRAG

Figarv 14. Subroutine COUP (Conftinue)
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RATIO - RFIMILRIF

V8RF - woe RATIO

V"'RF PooP -RATIO

WFTHF - WFT -RATIO

Compute FG 2 -1 (WFTRF. WOBRF. R8 ~F'i TTo, PAMB, FO, FG~ z C8 D OP)C1 l2

XNOZFG-1

V- - 1.35

X _ 2 TIORF-- 1 ]M

%-%ASPG/XM9 CFGR CFG

CFG w f 'P81P0 RF, Ps) fromt CV tabe CFG F

FORF - FGI(FG2/PG 1 ).CFG
F UF FGRF -(RAM'RATIO)

CIA 0 C) A1 0/ENGNO
GAD w 0H A10 - Ag ENGNO)/ENraNO
A,1C AD o A1 0/(% ENCINO)

Figure 14. Subroutine COM~P (CantlnuedJ
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CDAB - fI(MACH, AIOAO) from afterbody table

CDRtF - f (MACH, AIO AOR) from ofterbody Ulabi

DAFT "COAB':0%
DNOZOIF - DRFO%

CDABUO-,0
CDRFO- ,

LA>

CFGR -CFGt

CVLI No

FGGRF 0FG (FG2/FG1)CFG

FNRtF -rGRF - FRAJ RATIO

GA o0 -A 1 0

A, 0 Ago AjO/(A9 ENGNO)

CLOB "f (ACH A,0 A) fomofterbody t"bl

CD RF0f IMACH A, o AgR) from flrbodtabl

')AFT 0CD)AB'CA

DNOZRIF "CPR F 'CA

Flguro 14. Subnwt/ne COMP (Continued)
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CDOTbDAFT OA

FNAW FNRIF - DBT - DINLET

SFCOUT = WFTRF/FNA

FNWOR 0 NA18

WFOR-WFTRF/(6 '06)

SPCCOR WFCOFI/FNCOjf

SAVES (1, JX SFCOUT

SAVES (2, Jx FNA

SAVES (,J)-RF

SAVES (4 X CDINL

SAVES (5, JX - DSPL

SAVES (6, JX - CDO8 D

SAVES (7. JX) a CO~yp

SAVES 9, JX) - AOI/AC

SAVES I10. JX) -AO/A

SAVES (11, JX) mAOE/AC

SAVICS (12, JX) - OUTINLUa)

Figure I4t Sibroutint COMP (CornrugdJ
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Subroutine BYPMS-Deterrnines a Combination of Bypos and
Spillage Using Subroutine COMP-The Results are Used by
SubrMoutin BYSPL

Call COMP and Determine
SFCA, FNA, RF, CDINL. CDOpL, CDByp.

AoBPjAc, Aol/Ac. Ao/Ac, AOE/Ac, AOBLD/Ar

and Store These Results

-4
W) - (MO)

From Table 2C

A AoBp Aop p .AAOp

Ac Ac Ac j

Ac Ac Ac J

L' Fture 15. SuJbroutkie B YPM5
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Subroutine OYSPIL-Dortermines AOBPAC Depending
on Bypass Spillage Option Input By Use

IX- OPTB -Bypass Spillage Optio

(A/A4g, - f" (oMo)> From 1nl. 2

Aop~r (Ao/Ac)RefAoE1Ao

Scheduled Bypass With Rest of Inlet Airflow Spilled a 3
Ao3/Ac f (AoE/Ac, Moll From Table 7

-4

Ao3p/Ar w 0 Deomn o Corresponding to

Minimum SFCA
Using Results Stored In SAVES

AoAoE AoBP A rray From Calculations PreviouslyL________+ _ Done by Subroutine BYPM5
Printout SFCA, FNA, RF,

F~~gurYe 16.NL SubrPtL. DVPL(CntDd
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B

AO A2, Mo) Table

A 8A 1

E CDL.DUf 
Ao pLD .M a

STab i m

D I AY
L Table 3F

Cs ( ~ Mo Table 5

CDINL - CDSP + CDBLD +fCO 8 ]

(AD/Ac) Aef Of IMO) DetsrmineAo Crecporin
Table 2C CO

A Aoqp /AO Ac~ 1

_DpAc ~ A" AoBF OPTSp -1? Y AtPOINLCDVIN L COOLD. C~

Ac Ac i E Ac

LNo Ancp Refp ino~ Minimum CDINL.
A> (!AcLfAc At

Yes

Flomr 16. Subout/ne 5 VSPL V Con c/u dod
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Subroutine IN D R A G 
A O T 1Y e

WS ENG -WS
CDINL- 0

CDSPL" 0

AoIACO.

Ao Ac -0
DEL 5~p 0
Mo - f (XMACI4)

Win - (REAC EN +Mo) IA

Fipbre >7 0Irutn INRA (c/PO- ftirnXACH rmTal
NoCDIN (W MAH Fo93be C



C DqFf (Mo) From Table 3A

CDSPL"CD~pRF + CDSPL

(Ao,/Ac) Fif - f (Mo) From Table 3B

PT2/PTcr I (Mo) From Table 28ye
DINLET -0 AlA Ao/Ws

C DSPRIF - f (Mo) From Table 3A

C)EL~pD " CD~pRF (Al/c (Ao1/Ac) Ref )/(1.- -o/C)

CD SPC

CDL n f (Aos/Ac, Mach.) fromi Table 4

CID~yp 0f (Ao Mach0 ) from Table 5T
OUT INL 11) 0 CDSPL

CDINL-CDSPL+CDswD *CDBYP OUT INL 121 0 U L

OUT INIL () CDIV?

OUT INL (4 ) - AOsd

I -1OUT INL.161 AOEIA
0."~PT0 Mach 2 (1 +1' Mach2 OUT INL (6 1 CDINL

2 
OU0 )I 

A I 1

DINLETw ' C INL O UT INUID ) gA

Flomr a7 Subroutine INODtAG (Qinc~id~d)
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Subroutine RDATA-Transterl Engine Data From Tape 1 to Tape 2 and
Determinet Capture Area Schedule to be Used

Iintialize Parameters

Call TRANS and Transfer
Engine Deck to Tape 2

Call DEVEL and Obtain W 1, banIiilCpueAe
for Each Mach Number and ToFo III
Altitude In Input Table IOPT WC ENGD 1D000

Determine Capture Area vs

Figure re $Mbou1n RC A(oniu
3 6 R~ md AC95



If XCMACH
XMDES or ALTO'

AMTES

IOT I I~

No I

Capture Area (AC) - ACMIl(I

[ N WCNGDO y Print Erro

arnd Return

to be Uaed Further Calculations From

Print Inlet Sizing Dota-
Capture Are
Mach Number
Altitud
Recommended Inlet Recovry
neommended Inlet Mass Flow Rate
Corrected Weight Flow of Engine

Figure YAL Subroutine RDA TA fConclu~de
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Subroutine TSQNCE Interactively Asls
Questions and Inputs Data From the User's
Terminal

Input CVFLAG
CVFLAG • Q0Data From Engine Deck

- 1. Data From CV Table
- 2.CV -1

Input XNOZFG
XNOZFG - 1. For Round Noaxle
XNOZFG - 2. For 2D Nozzle

Input CAPOPT 1

CAPOPT - 1. For Constant Capture A_ .

CAPOPT - 2. For Variable Capture AmaJ

Input ENGNO, SCALE
ENGNO - Number of Engines
SCALE Saoe Fector

Input XDBASE, XDNI
XDBASE w Maximum Power Setting
XDNI - Intermediate Power Seiting

Input A10, AIOAgR )

Input REFMFR
REFMFR ,, 0. Use Tables 38 and 3A
REFMFR w 1. Uee MFR - 1.0

OPTS- 1. All Exoes Inlet Airflow Spilled Externally
"2 . All Exoma Inlet Airflow Spilled Above MOSIP
a 3. Scheduled Bypass with Rest of Excess Inlet Airflow Wpiled
- 4. Optimum Combination of Bypass and Spillage for Minimum

Inlet Drag
a 5. Optimum Combination of Bypu ind Spillage for Minimum

VPC

Input MOSSP yes
MOS "Mac Numbe frf Is OPT I 2?

F18sw1199 SUhwotkva TSOCE 10ithnd#MW
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II Input OBTUP
O0TBTP - 0. No lypesas Printout

- 1. Bypass Output Will Be Printed

Input TABOF
TAMP m 0. Do Not Use Drag and Recovery Maps

-1. Use Drag and Recovery Maps

Is CAPOPT 2?

Inu InutXMOXMl

InPuT-2Fo XMDES, ALTDIES

XOPT- 3. Par MAClNmbqv

inputatur AAC Ta ptble, M

F/pw ~ ~~~O~T 2* ?irui NC Cniud
IOPT 3IOP98



SPrintout hptonTerminal

IOK - 0. Inputs OK

- 1. Input not OK

IOKwO

Input Inlet Maps Call TABIN

Input Atter Body Map

[ CV - 1. Input CV Tlble ]

SS I ZEFG - 11. Input Capture '

Area Table

Ftgjum 19. Subroudrne TSONCE (Concluded)
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